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[57] ABSTRACT

An mnterpole for a direct current dynamoelectric ma-
chine is provided at the tip thereof with a flux shift
winding, or windings, to effect a shifted magnetic flux
strength to counteract induced voltages of the commu-

tated armature coils moving through the commutating
zone.

34 Claims, 4 Drawing Figures
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MAGNETIC INTERPOLE APPARATUS FOR
IMPROVING COMMUTATION
CHARACT ERISTICS OF A DYNAMOLELECTRIC

-~ MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to magnetic pole
apparatus and is more particularly concerned with dy-
namoelectric machines provided with what are known
as interpoles between the main poles. .

2. Description of the Prior Art |

In the practice of electrical engineering, 1t is well

known that sparking between the brushes and the com-
mutator of dynamoelectric machines 1s a problem that
can result in reduced life of the brushes and the commu-
tator. Sparking may arise from either or both the effects

of armature reaction and self-inductance of armature

coils undergoing commutation. To the end of eliminat-
ing or reducing this nuisance to the extent practically
possible in order to improve brush and commutator life,
it has become the practice to employ commutating
poles or interpoles disposed between the main field
poles of high output direct current machines. Pole face
or compensating windings may also be employed if the
particular interpole design does not eliminate armature
reaction to the extent desired. B

The tips of the 1nterpole laminations are shaped in
such a way as to give a corrective magnetic flux to
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counteract the induced voltages in the commutated -

armature coils as they move through the commutatmg
zone. Calculations of the shape of the pole tip and mag-
netic strength of the,mterpole flux are usually based on
a linear commutation. That means it is assumed that the
current in the coils undergoing commutation changes
linearly from the leading edge of the brush from one
polarity to the other polarity on the trailing edge of the
brush. Because of the symmetry of the assumed current
change, no influence of the main field magnetic ClI‘Clllt
on the magnetomotive force, or ampere-turns.

In actual operation of symmetrlc interpoles with ‘as-
sumed linear commutation, sparking nevertheless will
occur. In order to get sparkless commutation, the inter-
pole gaps are made smaller by inserting magnetic shims
between the poles and the yoke or the frame to give
overcompensation, which forces the armature coils to
commutate early. However, early commutation upsets
the symmetry of the current distribution under the
brushes and gives a demagnetizing effect on the main
pole windings, which weakens the main pole flux and,
eSpemally at weak field, gives a rising speed characteris-
tic with increasing load. '

It has been known for a long time that a symmetri-
cally shaped interpoles on machines with a single direc-
tion of rotation with a smaller air gap on the trailing
edges of the poles will give better commutation and less
influence on the main pole strength. This type of inter-
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pole air gap gives, in effect, a shift of the centerline of 60

the tlux in the direction of rotation with forced commu-
tation at the second half of the interpole, thus restoring
linear commutation without the sparking at the trailing
edges. Unfortunately, the machine is confined to a sin-
gle direction of rotation, hence the principle is useless
tfor application where bi-directionality of the machine 1s

a necessity, as for example 1n vehicular, hoist, and met-

al-mill applications.
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SUMMARY OF THE INVENTION

Accordingly, the invention has for its general object
the improvement of the operation of dynamoelectric
machines. A principal object is the improvement of the
characteristics of commutation of dynamoelectric ma-
chines of the direct current type. A further principal
object is the provision of means whereby machines of
the type aforesaid may be operated over a broad speed
range with optimum commutation characteristics in
either direction of rotation over a broad range of loads.
Also, as will be clear to those skilled in the art, the
invention makes it possible to go to higher overloads at
higher speed ranges with field weakening without sacri-
ficing speed regulation and commutation, making it
especially useful not only on highly loaded traction
motors but also on low inertia winder drives, for exam-
ple, for the metal and paper industries, where these two
problems are most pronounced.

Yet a further principal object of the invention is to:
provide a machine of the type aforesaid with interpole
structure in: which the magnetic flux distribution across
the interpole tip face is controllable to provide a non-
uniform flux density from the leading to the trailing
edge of the interpole tip. To that end it is an important
principal object of the invention to provide a machine
of the type aforesaid with interpole structure in which
the magnetic flux distribution across the interpole tip
face 1s controllable by auxiliary magnetizing force
means on the structure so as to provide in effect a
switching of the centerline of the main interpole flux.

A particular object is the provision on machines of
the type aforesaid of interpole structure with an auxil-
jary winding or windings thereon which achieve a vir-
tual asymmetry of the interpole tip with respect to the
flux path between the tip and the armature of the ma-
chine. It 1s a further object to provide in such a structure
an interpole body element and a pole tip element,
wherein one of the pole and tip elements 1s provided
with transverse slot means extending from one face side
to another in an axial direction of the machine with an
auxiliary winding disposed in the slot and extending
around a portion of the interpole structure. A further
object is to provide the tip element with the transverse
slot means with the auxiliary winding encompassing
one face of the tip element and the slot means.

An important object of the invention is to provide on
an interpole structure as aforesaid another auxiliary
winding disposed in the slot means and encompassing
another portion of the tip element. It is yet another
object to provide means for coupling the auxiliary
windings as aforesaid in circuit with the main interpole
winding such that the magnetizing forces of the auxil-
iary windings are a function of the magnetizing force of
the main interpole winding, and, in particular, directly
proportional thereto. Further to the object immediately
above, it is a further object to provide circuit means for
controlling the magnetizing force of one auxiliary wind-
ing independently of that of the other auxiliary winding.

Other and other further objects will be apparent at
once to those skilled in the art upon examination of the
drawings when considered in connection with the de-
scription thereof herein told.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic representation in elevation of an
interpole structure of the prior art;
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FIG. 2 is a schematic layout of a pole pitch of a direct
current dynamoelectric machine incorporating the in-
~vention, with flatiened frame and armature for clarity;

FIG. 3 1s a schematic wiring diagram representing
one possible control arrangement of one interpole with
armature and field coil in the practice of the invention:
and

F1G. 4 is an elevation view in cross-section of one
possible interpole arrangement.

DESCRIPTION OF THE PREF ERRED
- EMBODIMENT

Referrlng to FIG 1 there is depicted schematma]ly a
prior art interpole 10 having an end 12 affixed to the
yoke 14 of the stator (not shown) of a dynamoelectric
machine having a rotor or armature 16 rotatable about
its axis. The other end 18 of the interpole 10 is thus
disposed adjacent the armature 16 with the usual air gap
intervening between the face 20 of the mterpele 10 and
the rotatable surface of the armature.

1t will be appreciated that although no winding is
shown here on the interpole 10, of necessity a magnetiz-
ing force means is required to generate or establish a
‘magnetic field flux between the face 20 of the interpole
and the armature surface for the usual purpose for
which the interpole is intended, as set forth at length
hereinabove. The magnetizing force is usually gener-
ated by a coil wound around the body 22 of the inter-
pole and coupled in series with the current through the
armature as aforesaid.

~ As practiced in the prior art, the 1nterp01e 10 1s de-
signed with an unsymmetrical tip 24 defining a leading
edge 26 and trailing edge 28 for the directions of rotor
rotation indicated by the arrow 30, and wherein the face
20 thereby 1s forming a non-uniform magnetic flux den-
sity. That is, the flux tends to crowd toward the path of
least reluctance which is constituted by the shorter air

gap distance between the rotor 16 and the trailing edge

28, thus providing a shift of the centerline of the mag-
netic flux in the direction of rotation in order to restore
linear commutation.

This development of an asymmetrical interpole tip
does perform rather respectfully to achieve somewhat
satisfactory commutation. The arrangement cannot be
used where excellent commutation is expected in both
directions of rotation, or flat speed/load regulation is
necessary, or weak main fields will be used, or relatively
small air gaps are implemented to achieve high power
to weight ratios. For any of the latter requirements the
present invention fills the need.

Referring to FIG. 2 there is depicted schematically
one pole pitch of a dynamoelectric machine 100 with a
frame or yoke 102 (flattened for clarity) and armature
- 104 with direction of rotation of the armature relative to
the frame indicated by the arrow 106. For convenience
of the following description of the machine winding,
the machine 100 will be described as if were a direct
current motor. Furthermore, the various windings on
the machine are shown in conventional fashion as single
conductors represented as circles with either a heavy
dot or a cross therein. According to prevailing conven-
tion, a circle with a dot represents current flowing out
of the plane (that is, toward the viewer), while a circle
with a cross represents current flowing into the plane
(that is, away from the viewer).

The machine 100 has a main pole 108 provided with
a field winding 110 which, as depicted, establishes the
pole 108 as a north magnetic pole on its end surface

4

facing the armature 104. This flux establishment follows
the righthand rule for current flow in the winding 110.
Fragmentarily shown are adjacent main poles 112, 114.
It will be understood, of course, that if machine 100 is a

5 two pole motor, then pole fragments 112 and 114 are
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parts of the same main pole. Also, those skilled in the art
will recognize that the main pole field windings may be
shunt, series, or compound in the case of shunt, series,

or compound motors, respectively,
The pole 108 may also be provided with armature

reaction compensation or pole face windings 116 which

traverse axially through slots in the pole face with re-
turn paths in correSpendmg windings in the adjacent
main pole (not shown in full).

Intermediate the main poles 108 and 112, and dis-
posed on the yoke 102, is an interpole 118; likewise an

mterpole 120 is disposed between main poles 108 and

114. The interpoles 118 and 120 are provided with the
usual interpole windings 122 and 124, respectively,
which serve as magnetizing force means to establish
magnetic flux paths in the yoke 102 and armature 104, as
well as in the interpoles 118 and 120 as indicated sche-
matically by the dashed lines 126, 128 and 130 in the
direction of the arrows on the lines, These flux paths are
the principle paths of the magnetic flux generated by a
current source corresponding directly to the current
flowing through the windings 132 of the armature 104,
preferably configured as coils (e.g., windings 122 and
124) coupled in series with the armature circuit.
Thus, the magnetic flux in paths 126 and 128 enters
the pole face of the interpole 118 and the flux in paths
128 and 130 emerges from the pole face of the interpole
120. The flux entering the interpole 118 emerges from
the armature from a point electrically opposite a brush
134 which at that point in time is commutating that
portion of the armature windings 132 passing through

that flux. Likewise, the flux emerging from the pole face

of interpole 120 enters the armature at a point electri-

cally opposite a brush 136 which at that point in time is

commutating that portion of the armature windings 132
passing through that flux. The foregoing structure and
description is that of conventional prior art, and need
not be gone into further beyond pointing out that prior
art lnterpoles are provided with asymmetrle pole tips

(as discussed in length hereinabove) in order to achieve

a flux shift away from the centerline thereof in the di-
rection of armature rotation, e.g. that of the arrow 106.

A feature of the present invention is that flux shift of
the interpole main flux is accomplished by means other
than fashioning the symmetry of the pole tip. Prefera-
bly, the flux shift is accomplished by a second magnetiz-
ing force means on the interpole to accomplish a shift-
ing of the flux from the main magnetizing force means.
The second magnetizing force means preferably com-
prises electromotive coil means mounted on the inter-
pole and energized by a portion of the current in the
armature. .

On F1G. 2 this coil means is shown as a pair of coils
138, 140 on interpole 118 and a pair of coils 142, 144 on
interpole 120, To this end the interpole 118 and 120 are
provided with axially disposed winding slots 146 and
148, respectively, radially depending from the pole tip
faces, dividing the ends of the interpole 118 into end
portions 150 and 152 and the end of interpole 120 into
end portions 154 and 156. The pole face areas of the
pole end portions preferably are substantially equal if
the machine 100 is to be used in both directions of rota-
tion of the armature 104. Flux shift coils 138 and 140 are
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disposed about pole end portions 150 and 152, respec-
tively, and coils 142 and 144 about pole end portions 154
and 156, respectively.

With the current flow as shown for the coils 138 and
140, a magnetic flux path 158 is established from the
pole end portion 150 across the air gap to the armature
104 and back across the air gap to the pole end portion
152 with a resultant reinforcement of the magnetic flux
in the path through the end portion 152 and a diminish-
ment of the magnetic flux in the path 126 through the
end portion 150. Consequently, the flux density is great-

10

est at the trailing edge of the end portions 152 and least

at the leading edge of the end portion 150.

What is achieved by the novel arrangement is flux
density distribution from the leading to trailing edges,
which results in a forced commutation at the trailing
edge so that the current induced in the armature wind-
ings undergoing commutation have had a complete
change of polarity by the instant their corresponding
commutating bars are uncovered at the trailing edge
160 of the brush 134, resulting in virtually a sparkless
condition thereat. R __

In similar fashion, the flux shift coils 142 and 144
establish a magnetic flux path 162 in the interpole 120
and contiguous portion of the armature 104 to provide
the same result at the trailing edge 164 of the brush 136.
From the above description it will be apparent at once
to those skilled in the art that the invention provides
means for achieving the same results with either direc-
tion of rotation of the armature, and that all that would
be required to achieve these results would be to reverse
the direction of current flow in the flux shift coils 138,
140, 142 and 144. It will also be apparent that a broad
range of control of the sparking condition where vary-
ing parameters of operating conditions exist may be
achieved by adjusting or otherwise controlling the
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amount of current in the flux shift coils, as distinguished

from the set conditions brought about by the fixed ge-

ometry of structure of the prior art as shown on FIG. 1. 4,

Reversing and/or current adjusting can be effected

by simple circuit means which might be of the order of

that disclosed in the schematic wiring diagram of FIG.
3, wherein the machine 200 is coupled with a control
circuit 202 providing both current adjustability of the
flux shift coils independently, with a motor reversing
feature. For the sake of simplicity the machine 200 is
shown as comprising an armature 204 and main pole
windings 206. A pole face winding 208 may be provided
as well as an interpole winding 210. It will be under-
stood that windings 206, 208 and 210 are merely repre-
sentative of the actual numbers of poles of any particu-
lar machine. The interpole winding 210 is supplemented
by the flux shift windings 212 and 214 disposed on the
interpole in the manner described hereinabove. A pair
of brushes 216 and 218 are shown as coupled to the
armature 204.

The control circuit shown comprises four switches
220, 222, 224 and 226 and two adjustable resistors 228
and 230. Electric power from the mains (not shown) is
applied to the machine 200 and control circuit 202 at the
terminal 232. Electric current flows through the pole
face winding 208 and the interpole winding 210 (as
shown by arrows 236 and 238) and thereafter through
the armature 204 by way of brushes 216 and 218 to the
terminal 238 to be returned to the mains. It will be

understood that the main pole winding 206 may be

coupled in the circuit in accordance with whether the

45
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machine 200 is series, shunt, or compound wound, as
well understood in the art.

With switches 220 and 222 closed, current from the
terminal 232 will also flow through the adjustable resis-
tor 228, switch 220, flux switch coils 212 and 214 in the
direction of the arrows 240 and 242, and switch 222 to

the terminal 238 by way of the brush 216, armature 204
and brush 218. Since the series circuit of resistor 228,
switch 220, flux switch coils 212 and 214 and the switch
222 1s coupled in parallel with the series circuit of the
pole face and interpole windings 208 and 210, the cur-
rent through the flux switch coils will be directly pro-
portional to the current through the interpole winding.

When the machine 200 is to be reversed, as for exam-
ple by reversing the main pole winding 206, the
switches 220 and 222 are opened and switches 224 and
226 are closed. In that event the current in the circuit
202 flows from the terminal 232 through switch 224,
flux switch windings 214 and 212 in the reverse direc-
tion of the arrows 242 and 240, switch 226 and resistor
230 to the terminal 238 by way of the brush 216, arma-
ture 204 and brush 218. Since the resistors 228 and 230
are independently adjustable, the degree of flux switch
may be controlled as necessary for the complete range
of motor speeds and loads.

Referring now to FIG. 4 there is depicted one possi-
ble arrangement which would make it possible to wind
the shift coils in coil winding machines, insulate them
properly to ground, place them at the detachable pole
tip having a saturable center section and fit the sub-
assembly on the interpole body with the interpole wind-
ing in place. The whole assembly of interpole body with
its winding and the pole tip its flux shift windings may
be held together with fiberglass bandings which are
layed in suitable grooves made of shorter laminations of
the pole stack. Thereafter the assembly is secured to the
yoke of the machine. The banding with fiberglass bands
as aforesaid will be described in greater detail hereinaf-
ter.

The fixing of the various parts of the interpole assem-
bly in place by means of fiberglass bandings at suitable
spaced distances along the length of the assembly is
merely one assembly procedure which could be used. It
is apparent that this simple banding procedure is not
essential to, nor does it form a part of the invention
since other assembly procedures could be utilized, as
will be well understood by those skilled in the art. For
example, the parts might be secured by the method
disclosed in my prior U.S. Pat. No. 3,761,754 dated
Sept. 25, 1973 on an invention entitled “Dynamoelectric
Machine Field Structure and Method for Forming”.

FI1G. 4 shows schematically a fragment of a rotor 300
disposed for rotation within a yoke 302 of dynamoelec-
tric machine (not otherwise shown). Intermediate the
rotor 300 and the yoke 302 is an interpole assembly 304

- secured to the yoke by any desired means (not shown).

65

One such attachment means is shown as a bolt disposed
in a counterbored hole in the yoke in my aforesaid U.S.
Pat. No. 3,761,754.

The interpole assembly 304 comprises a pole body
element 306 and a pole tip element 308, each of the said
elements being formed of stacks of laminations with the
stacked laminations of the body element 306 being se-
cured together by bolts or rivets 310, preferably insu-
lated from the pole laminations, and the stacked lamina-
tions of the tip element 308 being secured together by
bolts or rivets 312, also similarly insulated, all in a fash-
ion well known in the art. It will be recognized that the
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total axial length of the lamination stacks of the ele-
ments 306 and 308 is equal to the axial length of the
‘lamination stack of the rotor 300. In typical cases these
stacks might comprise laminations of thickness of 0.025
to 0.040 inches to a total stack length essentially of the
same axial length as the armature, dependlng on the size
of the machine.

The body element 306 defines a base end 314 and a tlp

receiving end 316 spaced apart by pole portion 318.
Certain ones of the laminations in the stack comprising

the body element 306 are slightly shorter than neighbor-
ing ones at the base end 314 1n order to accommodate
fiberglass bandings intermediate the pole body and the
yoke. At the tip receiving end 316 the body element 306
is formed with small stepped portions 320 and 322 to
receive and provide positioning of the spaced apart tip
leg ends 324 and 326 of the pole tip element 308. The tip
leg ends merge at a saturable reduced section 328 to
form a smooth continuous pole face 330. But they rmght
be formed by two separate pieces with a small au‘-gap at
" the centerline of the interpole.
A main interpole winding 322 is disposed about the
pole portion 318 abutting the shoulders 334 and 336 of
the base end 314 of the body element 306, with insulat-
ing spaces 338 and 340 interposed therebetween. Flux
shift coils 342 and 344 are disposed about the tip leg
ends 324 and 326, respectively, of the tip element 308,
traversing the winding slot 345 therebetween. A sheath
- or tape wrapping 346 disposed about the winding 332
and similar sheath or tape windings 348 and 350 dis-
posed about the coils 342 and 344, respectwely, provide
insulation therefor as is well known in the art. Fiber-
glass banding 352 about the pole assembly 304 serves to
secure together the various parts of the interpole assem-
bly 304 and secures the coils tightly to the pole against
high magnetic forces during heavy overload conditions,
and for final step pos:tlomng of the assembly on the
stator 302. -
Banding as aforesaid is accomplished by employmg a
readily available preimpregnated, parallel laid fiberglass
‘tape of about 0.010 inches thickness and appropriate
width, winding on four or five turns to achieve the
desired strength for the purpose. It is obvious, of course,
that the least total thickness is desirable since the tape
band OCCUpies space between the yoke and interpole
which is in the pathway for the magnetic flux estab-
lished by the interpole, as shown by paths 126, 128 and
130 on FIG. 2. The aformentioned groove formed by
lamination shorter than their neighboring ones 1s illus-
trated by the spacing indicated by the reference nu-
meral 354 on FIG. 4, with the said shorter laminations

10
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saturable reduced section 328 of the pole element 308
effectively serves to limit the threading of the flux
therethrough between the pole tip ends 324 and 328,
thus assuring a completion of a flux path (for example,
from the tip end 324 across the air gap to the armature
to link the windings therein undergoing commutation
and back across the air gap to the tip end 326) through

the ad_]acent armature windings for the purpose stated.

"FIG. 4 is presented as a basis for calculating and
configuring the ampere-turns ratio of the flux shift coils

to that of the main interpole windings. In general, the

~ ratio 1s substantially that of the areas of the coils to the
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having their base ends terminating at the dashed line

356. Where the total length of the interpole lamination
stack is 8 inches or less, two bandings should be suffi-
cient. Stacked lengths greater than 8 inches would
‘probably require three or more bands, spaced every
four to six inches apart. It is obvious that the least num-
ber of bandings is to be preferred in order to hold the
magnetic path reluctance to a minimum. Magnetic and-
/or non-magnetic shims between pole 306 and frame
302 to adjust the interpole magnetic strength are not
shown.

In the course of assembly one lead (not shown) of the
flux shift coil 342 is coupled to a similar lead (not
shown) of the flux shift coil 344 in such manner that the
magnetizing forces of the coils may combine to establish

magnetic flux polarity as shown, for example, by the
coils 138 and 140 on FIG. 2. It will be noted that the
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main interpole winding. FIG. 4 is about on a scale of 1:1
for electric motors now in production, so if the flux
coils are connected in series as shown on FIG. 3 and
coupled in parallel with the interpole winding (and the
pole face windings, if used), by simple scaling of the
drawing it becomes evident that the ratio of the com-
bined areas of the coils to the area of the interpole wind-
ing is of the order of about 1:13, hence the general rule
of the ratio of ampere-turns can be the same. It will be
evident, of course, that the particular ratio selected for
disclosure on FIG. 4 is arbitrary, and that different
ratios may be employed for dynamoelectric machines of
various purposes. It is only suggested, however, that the

range of such ratios would probably be somewhere

between 1:50 to 1:10, but not precluding possible future
developments which would place the requirement in a
range outside of either the lower or higher ratios given.

It is now apparent that a novel structure has been
disclosed to achieve the same function as the non-sym-
metric interpoles of the prior art without the usual limi-
tations interposed by such prior art structure. It 1s also
apparent that a simple reversal of the current through
the flux shift coils makes for motor reversibility, and
that the control of the current in each of the flow direc-
tions makes for flexibility of control.

- T claim:

1. Magnetic mterpole apparatus for 1 1mprovmg com-
mutation characteristics of a dynamoelectrlc machme
comprising: | -

(a) magnetizable mterpole means havmg one end

arranged for coupling to the yoke of said dynamo-

- electric machine and the other end providing a
pole tip extending radially toward the axis of said

" machine, said pole tip having a first pole tip portion
including a leading edge and a second pole tip
portion including a trailing edge and winding slot
means traversing in an axial direction from one side
to another of said pole tip between said first and
second pole tip portions;

(b) magnetizable force means associated with said
magnetizable interpole means and arranged to es-
tablish therein a first magnetic flux deﬁnmg a mag-
netic pole on said pole tip;

(c) flux shift winding means dlsposed in said wmdmg
slot means and encompassing one of said first and
second pole tip portions; and

(d) means for coupling said flux shift wmdlng means
to an electric current source to generate in said one
of said first and second pole tip portions a second
magnetic flux for altering the flux distribution
therein of said magnetic interpole means estab-
lished by said magnetizing force means.

2. The apparatus of claim 1 in which said magnetiz-
able force means comprises pole magnetizing winding
means on said interpole means, said winding means
being coupled to an electric current source.
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3. The apparatus of claim 2 in which both said pole
magnetizing winding means and said flux shift winding
means are provided to the same current source.

4. The apparatus of claim 3 in which said winding
means are coupled in parallel so that current in said flux
shift winding means is proportional to the current in
said pole magnetizing winding means.

5. The apparatus of claim 1 in which the current
through said flux shift winding means is directed such
that the magnetic flux generated thereby increases said
magnetic field flux in said one of said pole tip portions.

6. The apparatus of claim 1 in which the current
through said flux shift winding means is directed such
that the magnetic flux generated thereby decreases said
magnetic field flux in said one of said pole tip portions.

7. Magnetlc pole apparatus for a dynamoelectrle ma-
chine comprising: |

(a) magnetizable pole means having one end arranged
for coupling to the yoke of the dynamoelectric
machine and the otheér end providing a pole tip
extendlng toward the rotor of the machine, said
pole tip defining a wmdmg slot traversing from one
side to another thereof;

(b) pole magnetizing means assocmted w1th said mag-
netizable pole means and arranged to establish
therein a magnetic field flux of substantially uni-
form flux density from said one end to said pole tip
of said magnetizable pole means;

5
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(c) first flux shift winding means dlspnsed in said 10

winding slot and encompassing a first portion of

said pole tip; o
(d) second flux shift w:ndlng means dlspnsed 1n said

winding slot and eneompassmg a second portion of
3

said pole tip; and
(e) means for coupling both said flux shift wmdlng
means to an electric current source to generate in
said portion of said pole tip magnetic fluxes for
altering the flux density therein established by said
pole magnetizing-means, the alteration of the mag-
netic field flux in said first pole tip portion by the
magnetic flux generated by said first flux shift

winding means differing from the alteration of the

- magneic field flux in said second pole tip portion by

the magnetic flux generated by said second ﬂux- 45

shift winding means. * -

8. The apparatus of claim 7 in. whlch the current
through said first flux shift winding means is directed
such that the magnetic flux generated thereby increases
said magnetic field flux in said first portion of said pole
tip, and the current through said second flux shift wind-
ing means is directed such that the magnetic flux gener-
ated thereby decreases said magnetic field flux in said
second portion of said pole tip.

9. The apparatus of claim 8 in which said pole magne-
tizing means comprises a magnetizing winding on said
pole means, said apparatus further comprising means for
coupling said magnetizing winding to an electric cur-
rent source. |

10. The apparatus of claim 9 in which both said flux
shift winding means are coupled in a series circuit with
said series circuit coupled in parallel to said magnetizing
winding, all being coupled thereby to the same current
source. | |

11. The apparatus of claim 8 in which said first por-
tion of said pole tip is a trailing edge of said magnetiz-

able pole means and said second portion of said pole tip

is a leading edge of said magnetizable pole means.
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12. The apparatus of claim 1 in which said magnetiz-
able interpole means comprises:

(a) a pole tip body element defining at one end thereof
said one end of said magnetlzable interpole means;
and

(b) a pole tip element defining at one end thereof said
other end of said magnetizable interpole means,
said elements being secured together with the other
ends thereof in faying relationship, said winding
slot traversing said pole tip element from side to
side. thereof and directed axially of the machine,
and opening on to said other end of said pole tip
body element.

13. The apparatus of claim 12 in which said winding
slot traverses said pole tip element, said one end of said
pole tip element defining with said winding slot a mag-
netically saturable pole tip portion continguous to and
coextensive with said winding slot, said one end of said
pole tip element having a substantially uninterrupted
face extending from said leadlng to trailing edges
thereof. | -

.14, The apparatus of clalm 12 in which said wmdmg
slot traverses said pole tip element, said one end of said
pole tip element defining with said winding slot a mag-
netically saturable pole tip portion contiguous to and
coextensive with said winding slot, said one end of said
pole tip element having an interrupted face with a satu-
rable section extending from said leadlng to tralllng
edges thereof. |
15. A direct current dynamoelectrlc machine com-
prising: |

(a) stator means havmg a yoke for a magnetic flux
path;

(b) rotor means rotatably disposed within said stator
means;

(c) magnetlzable 1nterp01e means for improving com-
“mutation characteristics of said machine, said inter-
pole means having one end secured to said yoke,

‘the other end thereof defining a pole tip extending
‘toward said rotor means to define therewith a sub-

- stantially uniform gap for the passage of magnetic
flux between the end face of said pole tip and said
rotor means, said pole tip having a first pole tip
portion and a second pole tip portion;

(d) magnetizing force means on said magnetizable
interpole means for establishing a magnetic field
flux from said yoke through said magnetizable
interpole means and thence from said pole tip
through said first and second pole tip portions
across said gap into said rotor means; and

(e) flux shifting means on said magnetizable interpole
means adjacent said pole tip for altering the flux
density of a portion of said pole tip so that said first
pole tip portion has a flux density different from the
flux density through said second pole tip portion,
and thus altering the magnetic field flux distribu-
tion established by said magnetizable force means
across said gap between said pole tip portion and
said rotor means.

16. The machine of claim 15 in which said flux shift-
ing means comprises another magnetizing force means
for establishing an alteration of magnetic flux within
said pole tip portion.

17. The machine of claim 15 in which said magnetiz-
ing force means comprises a pole winding disposed on
said interpole means, said flux shifting means compris-
ing a flux shift coil disposed on at least one of said pole
tip portions, and said rotor means comprises load wind-
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ings coupled to both said pole winding and said flux
shift coil.

18. The machine of claim 17 in which said pole wind-
ing and said flux shift coil are coupled in parallel and in
series with said load winding.

19. The machine of claim 17 having circuit control
means coupled with said flux shift coil for controllmg
the current therethrough. .

20. The machine of claim 17 havmg switch means for
reversing the direction of current in said flux shift coil.

21. The machine of claim 15 in which said flux shift-
ing means comprises first and second flux shift coils, one

12

face portions is more than the flux density manifest at
the other of said pole face portions. |

24. The magnetic interpole apparatus of claim 22 in
which said second magnetizing force means is oriented
on said magnetizable pole means so as to effect a direc-
tion of said second magnetic field flux relative to the

- direction of said first magnetic field flux such that the

of said coils being arranged on said first pole tip means

-adjacent said pole tip for altering the flux density of said

15

first pole tip portion and thus altering the magnetic flux

distribution established by said magnetizing force means
across said gap between said first pole tip portion and
said rotor means, the other of said coils being arranged
on said second pole tip means adjacent said pole tip for
altering the flux density of said second pole tip portion
and thus altering the magnetic flux distribution estab-
lished by said magnetizing force means across said gap
between said second pole tlp portlon and said rotor
means.

22. Magnetic interpole apparatus for improving com-
mutation characteristics of a dynamoelectric machine
comprising: |

(a) magnetizable pole means having a pole face defin-

‘ing first and second pole face portions;

(b) first magnetizing force means on said magnetiz-
able pole means, said first magnetizing force means
establishing a first magnetic field flux in said mag-
netizable pole means, said first flux being manifest

~ at both said pole face portions; and

(c) second magnetizing force means on said magnetiz-
able pole means, said second magnetizing force
means establishing a second magnetic field flux in
said magnetizable pole means, said second flux

- being manifest at one of said pole face portions,

whereby the net magnetic flux manifest at said one
‘of said pole face portions is the magnetic resultant

of the combination of said first and second mag-

- netic field fluxes thereat. o
23. The magnetic interpole apparatus of claim 22 in

resultant flux dens1ty manifest at said one of said pole

 face portions is less than the flux density manifest at the
10 |

other of said pole face portions.

25. The magnetic interpole apparatus of claim 22 in
which said second magnetizing force means is a func-
tion of said first magnetlzmg force means.

- 26. The magnetic interpole apparatus of claim 22 in
which said second magnetizing force means is directly
proportional to said first magnetizing force means.

27. The magnetic interpole apparatus of claim 22 in
which the face areas of said pole face portions are sub-

- stantially equal.

20
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28. The magnetic interpole apparatus of claim 22
further comprising third magnetizing means on said
magnetizable pole means and adapted to establish a
third magnetic field flux in said magnetizable pole
means and manifest at the other of said pole face por-
tions, whereby the magnetie flux manifest at said other

of said pole face portions is the magnetic resultant of the

~ combination of said first and third magnetlc field fluxes

30
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‘thereat, and differs from the magnetlc resultant of the

combination of said first and second magnetic field

fluxes manifest at said ong of said pole face portions.

29. The magnetic interpole apparatus of claim 28 in
which said third magnetizing force means is a function

of said first magnetlzmg force means.

30. The magnetic interpole apparatus of claim 28 in
which said third magnetizing farce means is directly

‘proportional to said first magnetizing force means.

31. The magnetic interpole apparatus of claim 28 in
which the face areas of said pole face portlons are sub-

~stantially equal.

32. The magnetic interpole apparatus of claim 22 in

- which said second magnetizing force means is oriented
- -on said magnetizable pole means so as to effect a direc-

45

which said second magnetizing force means is oriented

on said magnetizable pole means so as to effect a direc-
tion of said second magnetic field flux relative to the
direction of said first magnetic field flux such that the
resultant flux density manifest at said one of said pole

20
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tion of said second magnetic field flux relative to the

direction of said first magnetic field flux such that the
resultant flux density manifest at one of said pole face
portions is less than the flux density manifest at the

other of said pole face portions.

33. The machine of claim 21 having switch means for
reversing the current in one of said flux shift coils. |
34. The machine of claim 21 having switch means for

reversing the current in both of said flux shift coils.

* * %x % %
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